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N i :HI  TRA I~;1’; : BY ‘~IMt’LAT1N~; THE N I ( H T  \ ‘ I ST AI. ENViRONMENT IM!RINC THE DAY

:hc purpose of t h l i r e se a r c h  memorand um Is to (I) document ARI p rogress
cn r e s e a r c h  to develop  a n i g h t  t r a i n i n g  technique by s imula t ing  a night
v I s u . i l environment during the daytime , ( 2 )  report results of preliminar y
f i e l d  tests , and (3) state plans for future research.

It ~,ould be sdvant.IgeuuM to the Army to be able to conduct certain night

~perat  ions and t ra ining during da ylight conditions. Aviation is an area

~~~~~~~ t h i s  adv an t ~tge vou l,~ he c r i t i c a l . Hovering or landing a helicopter is
.i .~~nplex perceptu .il—r~~t~’r task under t he  best of cond i t i ons;  at night , or
under et h e r  c o n d i t 1~~us of l i m i t e d  v i s i b i l i ty , the d i f f i c u l t y  increases
e~t o rr~ous1 y .  W i t h o u t  d ay l i g h t  and the  norma l perceptual cues , less expe r i enced
:‘I l e t s  h ivo .~ st rong t on~i, ’r .cv ~e in f t  out  of po si t  ion , especIa l ly  t o  one

er to  the r tJ ~ , ~.iking the se m a n e u v e r s  haza rdous  at n i g h t .

:ht~ ~iu t  h r  hvp othe~~i z ed that it might be possible to simulate night
e n . U t i ’~:s by - o.m’. e~ l t i ~h t — m t t e n u a t i n g  goggles  and to conduct training

o r e v a l u a t i o n  • l t , ~h t q  in  w h i c h  one pilot would use these goggles w h i l e
an i n s t t . ~c t ~ ’r / ’~. , t . . t v  ; ‘Il. ’t (without goggles) sat by dua l  cont ro ls  to
t ake ~o r r e c t I v e  •~~tion when necessa ry  f e r  s s i e t v .  The instructor pilot

i i  al c~ b e t t e r  obse rve t he  pe r fo r mance  of the  student pilot , make more
extensive evaluations , and pr ov ide  r~oro  feedback t han  under a c t u a l  n i g h t

‘ ‘1 t t o n s .

There are also other militar y situations where a simulated night visual
environment woul. I  he advantageous , su ch as armored vehicle operations ,

. r  ve h i cle driving, or infantr y squad exercises.

rRFvIc~rs WORK

The I’ . S.  Arr’~ed Forces have used goggles extensively , bot h to provide
eve protecti on and to improve huma n performance (Farnsworth , 1 ’ Sl). Perhaps

the best known use of goggles to improve performance was the red goggles that
wer e  introduced early In World War II to promote dark adaptation (Ives and
Shilling, 1941). Another t rpe. ~1ightlv similar to those used in the present
s~. udv , w as a dua l densit y goggle with a very dense strip near the top, which
was used in World War II to permit aviators to search for enemy a ircraft near
t ’ .’ sun (Plqon , 1944).

Some work has been done on the specific topic of simulation of night
c ’ndltions during the day light for training or evaluation purposes , hut
since most a t t empt s  have been relatively unsuccessful , this work has largely
gone unpublished . in the late 1940’s in Britain a similar goal was pursued

with fixed—wing aircraf t and separate bubble canopies for each pilot. The

bubble of the pilot being tested was twin—walled , and an opaquing fluid
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Vurious comhinlltions nf h!111' illld nmht•r filtcrR .u; '-'··11 ilH pnt.1 rotd :"l;H•·rt
;lls t~IIVt• ill :-to he(•n us~d In ;II rcrotft t rntninR. t~f[ h ho't h pf th!*sc tcrhnlqtJ~!'I. 
••nc t iltcr must he 111'!'1 teo\ to the .... tndRcreen nnd orw ln<i••rted in the f:ORKlf•s 
,q thl..' student ptlot. Til<";•· ~~·chnf.ques were cnnnhlt• pf tot:tllv occludfn,:: tlu· 
Ltl"t.'<l outshlt• tht• cockpit f,,r th•• snal••nt pilot nnd ~(·:( 111~ tlw fn!'ltructor 
vision outtddt• tht.• l'llckrdt. llt~l.'t'vcr, nlRht concl1t1nns .,.t•r.- not !ilmulatcd 
t.•ifcctlvcly, and .,.ith thl• introduction of simulntors for Instrument traf.nfn~~. 
IJork .... tth tlw:-~e !lUHt~rlnlt~ Wil~ lnr~ely dlscont!nuccl, ~:cutr.1l d«.>n~titv filt«.>rs 
:onmt•IJhilt stellar to those twl..'d in the present studv hut nt much U~hter , ' 
.!<•nsttit~s. have hl't'n used tn Air Fore-t' r<>scnrch to slmulntt' tl.'tli~tht: nnd 
.!usk condltionfi hut not tC' .;fmulatc nip,ht (Pot'l<>rfield ;md Sl'lf, 1971). 

In the lnfnnt rv, ·nt t<'l'!';l't ~ were m:Hic to conduct n1 ~ht tr11intnr. vf. th 
.Ltrk II:O)l:ll:lcs durin,_ th•• dav, ln tc:-~ts nt Fort Bennlnr-, C.eor~in, in }<))9 
.1nd at fort Sherid.1n, Illlnl~iA, in 1969 (r.ret!r, 1974). At Forr Rennin~. 
t!w feasihil!t•.' Of the COO('!'pl '"'11~ inVeMthtntcd hut the project \:tlfl 

~~nc~lled before exten~lve ti..'HtlnR took place. 

:-tore extensive investiRlltion~t l.'cre made in 1969 in tc!'lts sponsored 
tw the Train in" Aids Sect ion of F1 fth Army Headquarters nt Fort Sheridan. 
Colonel HoiJard r.re<"r conducted the preli.minary st11d!-:-s, usin,:t. exroscd x-r.1y 
film as a liltht-att<'ntuHinR filter in standard militarv Run, .,.ind, and dust 
);oggles. Although photoRrnphic silver film presents problems of lfRht 
scattering and is difficult to ohtain in densities over 4.0 that are not 
totally occluding cr:flstr:um Kodak Co •• 1971), the resultR of these early 
trials .,.ere quite £>ncouraglnf', nnd Greer souRht n filter thnt would be 
superior to exposed photoRraphic film. A plnstic thnt 1111ed carhon particles 
for light nttenuatinn was chosen. 

During thill research, Colonel Greer .,.as transferred to Vietnam and 
replaced as project director hy Lieutenant: Colonel Robert Drudik. Drudik 
investip:ated the fe.18ibility of usin~ tvo lenncs, one to simulate moonliRht 
and one to ~imulntc stnrliRht, but tests convinced him that a sin~lc lens 
.,.ns sufficient. A lens .,.ith an optical denRit:y of aprroximtttely 5.5 .,.as 
chosen, and 7,000 lenses .,.ere purchased for extensive field trials. 

These trials .... ere hampered hy a number of prob~ems. Fifth A.nny vas 
not a test agency and tllereforc lAcked the neces1Mry support: for the I!I()St 

effective field t:estin~. Continuity of command .,.as also lackin~. No project 
officer .... as in command for m~re than a fev months. Drudik vas tranRferred 
to Vietnam shortlv after the field tests vere underway; vithin calendar 
year 1969, the pr~ject had four successive dirr.ctors. A.lthouRh these 
trials had some success, problems such aR lena fogRin~ from pers~tratlon 
and light Rcat ter vhen facin~ the sun bd to the pro,,ect 'a tend nation tn 
August 1970. Roth J.Tr. Drudik (1974) and r.olonel r.reer (lQ74) believe that 
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these drawbacks could have been corrected and an eff ective goggle developed
i t t h e  project had possessed more resources and support as well as continuity
et c

Since t h i s  previous work was largely unpublished , there is little
literature on s i m u l a t i n g  ~°nc! i t  ions at limited visibility through light
attenuati on , either by goggles or by other techniques.

AR ! RE SEARCH

ARI involvement in the’ area was begun in August 1Q71 , although circum-
st ances prevented serious effort s until May 1974. At this t ime photochromic
material , w h i c h  darkens on exposure to light , was exam ined as a means to
attenuate light . This material was found to be unsuitable for aviation
research because it did not attenuate light in the ultraviolet or infrared
reg ions.

R e q u i r e m e n t s

It was decided that any light—attenuating goggles to simulate the
night environr~enr (LAGS~ should have the following characteristics:

(1) a fairly large fi e ld of view

( 2 )  a r e l a t i v e ly  neutral color a t t enuat i on

(3) f r e e d o —  f r o m  o p t i c a l  d i s t o r t i o n

(s)  a t t e n u a t i on o light in the ultraviolet and infrared as well
as t he v i s i b l e  regions

(5) a light—tight seal to the f . i oe

(6) adequate simulation of night illumination levels( 7 ) durable lenses with anti-fog coating

~
‘ntil quite recently these objectives could only he ach ieved using glass
filter plates; hovever, plastics can now be used (Sherr , 1Q’3).

In add ition , it was determined tha t for certain applications (e.g., to
read aircraft instruments) the goggles should be less denae in the lover
field of view . This requires a dual density goggle.
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T
A p p a r a t u s

Mock—up goggles wer e ’ then deve lop ed  to t e s t  the ’ g. ’n t ’u i l  f e a s t bj l i t v
of the concept . ! s i n i ~ he’ f r an .’ of  s ta n d dr d  A m y  s un , wind , anu d u s t
gogg les , ~ r a t  t e n N ’ . Q~ N e u t r a l  ~)e’n s i t v  ! i l te rs  we’re Ins.’ r ted a t t e n u a t e
l I g h t .  Four  go~~g 1 *- s  were’ t , i ’ - r I . ’ ,~t e d w i t h t he c har . i .  t e ’r i s t ic s  d e sc r i b e d  in
:~ih le 1. r !ie’se fabricate ’.! goggle’s made ’ p o s si b l e  the ’ p r e l i m i n a r y  f i e l d
t e s t  log ol t h e  du a l  di ’n~~ i t ~~- con~- e ’p t . However , they  d i d  n ot  have’ s u f f i c i e n t

l t : v  t o  p e r n u i t  l . i r e t , ’— s~~a l , • t e s t i ng .
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‘~o ”F :  ‘ç ’ t i ~~al  :~e’::’~ l t ’ . ‘f  ~, f )  t r - i : ~’-~— - t t s
o ’ I n c  I i . ’n t  I i~° t

t’ - e l i ” l r l r ’,, F i e l d  Te~~t e  a n !  R e s u l t s :

F r e I t ~~ i n e r v  t i e l . !  s t u d i e s  were  c o n d u c t e d  on b o t h  i n t u i n t r . - and  a v i a t i o n
tasks, Th e  a v i a t I o n  t e s t s  a’ F o r t  Ru-ker , Alabama , inv,-~lvee1 nav i gation at
n a p — ’’ —t h e — e a r t h  (‘~fl F)  l e v e l s , .i . urrent t ~i~~t I c  ‘f f l y i n g  at  v , ’r ’, low
a l t  i t  id.’ t o  u t  i l l  :.‘ terrain feat’:r.-s to  mask t h e  a i r c r a f t  f r o —  radar ,
and  ‘it h ighe r a l t  i t i d , ’ c . T e s t i n g  of th e  I.A~.S f o r  in f : i n t r v  u s e  t ook place
at  Fo r t  °r l  an !  H u n t e r —  I g g e t t  , Cal i f or n i a .

P i l o tin g  w i t h  LAr.S: Two p i l o t s  were t est ed  in f l y i n g  t a s k s  where
the p i l o t  wore th e  LAGS . At the attenuat i on tised , both pilots could hold
a cours e and f o l l o w  the  directions ‘f the c o p i l o t  wh o was nav i gating . In
rtaneuvertng, !~~°~ turns and 4S’ bank turn s were made witht ,ut difficult y .

Roth pilot s were able’ to fly in fo rmat ion  wi thout diffi cult y whIle wearing

the LAGS . In l a n d i ng  the  a i r c r a f t  w i t h  the  LAGS and In h o l d i n g  a stationar y
hover both pilot s shoved a pronounced tendency to drift to one side or to

the rear in the initi a l attempts; however , these are the same d i f f i c u l t i e s

‘ - 4 —
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p i l o t s  r epor t  u n der  a c t u a l  n i g h t  c o n d i t i o n s ,  In o b s tac l e  avoidance  and
~‘b~~t , t ~~j e  d e t ect i o n  t asks , p i l o ts  could  report  pa ssing a i r c r a f t  at es t imated
d i s t a n c e ’s o t  500 me te r s .  Poles could be de tected  at 200 feet and wires
.~ t i50 f e e t  at  slow speeds (be low .t.Q knots)  but not at higher  speeds. Of
t h ~ a i  t o u t s  g o gg le ’s  t e s t e d  on these tasks , the  configuration with an
o~’t i c . e l  d e n s i t y  ot  5 .0 in  t h e  upper  p o r t i o n  and 3.5 in the  lower was Judged
no st  e f t e c t i v e .

‘.a’.’j , ~.e t 1 o n  w i t h  LAGS : N . e v i g a t i on  w i t h  LAc.S was more diff icult than
l i v i n g  t h e ’  a i r c r a f t .  o a large extent , the .ih i l it v to reed maps and
lflt3 t~~unents S-as dependent upon whether the al r c r att was flying toward or

ron t h e ’ sun . The l i g h t  level in the aircraft was higher when f l y ing
ron the sun , and greater illumination was projected onto the instrument

p an. l .o:d t h e  map. U n d e r  these c o n d i t i o n s , the  i n s t ru m e n t s  and the  large r
:e d t u r t ’ — . on the  map v ’r e  q u i t e  v i s i b l e  w i t h  the  LAG S , and navigators felt
‘ h.e t i t  t he y s t u d i e d  t h e  map before the fligh t , marked che ck points , etc.,
n a ’ . i g a t i ’n  w ou l d  be possible with the LAGS . When the a l r c r a t t  was f l y i n g

0 t. he’ sun , h o w e v er , the  i n st r u m e n t s  were in the shadow of the dashboard ,
and w i t h  t h i s  l ower i l l u m i n a t i o n  t hey  vere  not r e ad a b l e .  The map a1~ o
.as not  r ead a b le under these cond i t ions  because of the reduced i l lu m i n a t i o n .
t u r n i n g  on the In st rum ent  l i g h t s  d i d  not make a no t i ceab le  d i f f e r e n c e .
R u t h  p i l o t s  end n a v i g a t o r s  a l so  t -.ent lone.! t h a t  when f l y i n g  under  a c t u a l
n i g h :  c o n d i t i o n s .  so” , ground l i g h t s  s’.i~~I ,  a~ St r e e t  lights , automobile
h e . e d L i g h t s , or neon s i g n s  a re vi~~j h 1e . ~ht ’se are  not simulated by the
L A - ’ ;  hos-e’.- e r , an - ! e r  . i c t n a l  conhat  c- ’n d i t  t o n s , he se  l i g h t s  would  not he
p r e s e nt

I n t  . m u t  r - - ta ’e~ q : I n f  in !  rv  e’e ’ S inc l u d e !  ~! 1st  e n .  e c’s i~n i t  ion , t a rget
detect Ion , .e~ d vaI~ in ~ - ‘- e r v ar i o u s  t v n e q  ‘ t e r r a i n ,  I t  was d et er m i n e d
t hat pe r f o r ~ a a c t ’ on t h& ’s, ’ t a s k s  d i d  :i, ’t d i f t , :  s l gn i f l c a n : l v : r . ’r-. a c t u a l
ni ght condIt ions, L.AGS .‘f .i s i ng l e  d e n s i t y  t h a t  s im u l a t e d  t w i l i g h t  and
predawn c~’ n ! i t  ions n i g h t  be a va u gb l e ’  t r a i n i n g  c i d  t ’ r  t h i s  critical
; ‘e r t - ’J . w h i c h  h i s  g r e a t  t a ~’t i c * ’ s i g n i !  l a n c e .  ‘n . ! er  t h e s e  c o n d i t i o n s ,
i l lumination is  no!  h i g h  en ou gh  or goo d v I s i o n  w i t h  he naked  eve but
t o  h i g h  to  pern 1 t he’ .~se of  pa s s ive  image i n t e n s i f i e r s .

Si~~~AR? AN~ ‘I. ’ 5 P~ S

- The .Ah~ e f f e c t  t v e l v  s i nu l a t e d  a c t u a l  n i g h t  c ” n d f t  ion. t or  most
a - c i i t  Ion t a sk s .  P i l o t  1mg t ask * were p e r f o r ~.e-! w i t h o u t  d ( f f i c u ~~t\ - . ‘~ i t h
the ittenuation uqed , navigation was poss ib le  w h i l e  f l y i n g  away f rom the
sun and u . r ea r ing  the I,AC,S , bu t  not while flying into the sun .

,‘. t’se’ of the LAGS in infantry training also shows promise .

3. Current mock-up versions of the LA(’.S need further development ,
i n c l u d i n g  cemented lens element s or dual metallic coating s , increased
ventila tion , more durable lenses , and anti-fog coating.
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PRO JECTE D D EV EL OPMENT

The mock—up ve r s ions  of the  LAGS were f a b r i c a t e d  to de t e rmine  if
there was m e r i t  in the general concept of simulating the  n i g h t  v i s ion
e n v i r o n m e n t  d u r i n g  the  day . These p r e l i m i na r y  t e s t s  were q u i t e  success-
t u l  and t u r t h er  research is d e f f - ’ l t e l y  i n d i c a t e d .

:ht ’ mock—up v er s i o n  used , howeve r , is t o o  f r a g i l e  f o r  l a r ge r  scale
labot~ e t o rv  or t i e l d  t e s t s . A mo re s t u r d y ve r s ion  i~ needed for t ield
t t”~t ing on a large s c a l e  and fo r  a se r ies  of perceptual tests in the
l ab o r a t o r y .

There does not appear to  he a s ingle  beet way to cons t ruc t  a s t u r d y
goggle  that meets all the requirements. Light—absorbing filters with
i no rgan ic  dyes , such as colloidal carbon imbedded in plastic , tend t o
s c at t e r  l i g h t  and create  a foggy appearance at h i g h  d e n s i t i e s .  Organ ic
dy e s  do not have t h i s  drawback , but  they a t t e n u a t e  l i g h t  we l l  only in
t he  v i s i b l e  and u l t r a v i o l e t  ranges , t r a n s m i t t i n g  a l a rge  amount of
i n f r a r e d . M e t a l l i c  l i g h t — r e f l e c t i n g  f i l t e r s  also have drawbacks , inc lud ing
c o l o r  d i s t o r t i o n . The va r ious  p l a s t i c s  s u i t a b l e  f or  lenses also present
pr c~b 1ems: A p o i r c a r h o n a te  p l a s t i c  f i l t e r  w i t h  a combina t ion  of an o r g a n i c
1’ . e’ and a m e t a l l i c  c o a t i n g  to f i l t e r  the i n f r a r e d  is q u i t e  good , h ut  i t

may he t o o  r i g i d  to he u- ;t ’d in the  frame of the  s tandard  m i l i t a r y  goggles.
ot t er types  of t i l t e r s , p l a s t i c s , and goggle frames are now being i n v est i g a t e d .

a s u i t a b l e  c o m b i n a t i o n , s a t i s f y i n g  AR I r e q u i r e m e n t s , is found , both
i , l d  and l a b o r a t o r y  e x p e r i m e n ts  can he ’ u n d e r t ak en .
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